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(57) A drawing apparatus 1 comprises a drawing 
furnace 11 , a heating furnace 21 , and a resin curing sec- 
tion 31 . An optical fiber 3 drawn upon heating in the 
drawing furnace 11 is sent to a heating furnace 21. 
where a predetemnined part of the optical fiber 3 is an- 
nealed at a predetemnined cooling rate. The tempera- 
ture of a heater 22 of the heating furnace 21 at the fur- 
nace center is set to a temperature within the range from 
1200 to 1600*0. Thereafter, the optical fiber 3 is coated 
with a U V resin liquid 52 by a coating die 51 , and the UV 
resin 52 is cured in the resin curing section 31 , so as to 
yield a coated optical fiber 4. 
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Description 
Technical Field 

5 [0001 ] The present invention relates to an apparatus andmethod for oiaking an optical fiber whose transmission loss 
is reduced by lowering Rayleigh scattering intensity. 

Background Art 

10 [0002] As a method of making an optical fiber whose transmission loss is reduced by lowering Rayleigh scattering 
intensity, one disclosed in Japanese Patent Application Laid-Open No. HEI 10-25127 has been known, for example. 
This method comprises the steps of producing an intemnediate optical fiber by drawing an optical fiber preform upon 
heating, and heat-treating the intermediate optical fiber by reheating, so that the reheating causes structural relaxation 
(atomic'rearrangement) inglass, which lowers the ficth/e temperature (temperature to which the disorder In the state 

IS of atomic arrangement within the glass con-esponds), thereby reducing Rayleigh scattering intensity. 



Disclosure of the invention 



[0003] However, for protecting the optical fiber drawn upon heating, the surface of optical fiber immediately after 
20 drawing has been coated with a UV resin or the like. Since the resin coated on the optical fiber may be burned by the 
heat at the time of reheating, the above-mentioned method of making an optical fiber disclosed in Japanese Patent 
Application Laid-Open No. HE1 1 0-251 27 is not suitable for mass-producing optical fiber. Though the optica! fibers may 
be reheated in a state where its surface is not coated with a resin, this method is not employable as a method for mass 
production due to damages occurring at the time of handling the optical fiber, and the like. 
2$ [0004] In view of the above-mentioned points, it is an object of the present invention to provide, when making an 
optical fiber whose transmission loss is lowered by reducing Rayleigh scattering Intensity, an apparatus and method 
for making an optical fiber, which is applicable to the mass production of optical fiber whose surfaces are coated with 
a resin. 

[0005] The inventors carried out diligent studies about an apparatus and method for making an optical fiber whfch 
30 is applicable to the mass production of coated optical fiber and. as a result, have newly found the following fact con- 
cerning the Rayleight scattering intensity and the cooling rate of the optical fiber after drawing. 
[0006] Within glass at a higher temperature, atoms are vigorously vibrating due to themnal energy, whereby the 
atomic arrangement is in a state more disordered than in glass at a lower temperature. If the glass at a higher temper- 
ature is slowly cooled, the atoms within a temperature range where they are allowed to be rearranged are cooled while 
35 being arranged with the level of disorder con-esponding each temperature, whereby the level of disorder of the atoms 
within the glass attains the state corresponding to the lowest temperature (about 1200»C) at which the stmctural re- 
laxation proceeds. If glass at a higher temperature is cooled rapidly the atomic arrangement is fixed upon cooling 
before reaching an equilibrium state corresponding to each temperature, thus yielding a more disordered state than 
in the case of annealing. Even in the same material, the Rayleigh scattering intensity becomes greater when the atomic 
40 arrangement is more disordered. Optical fibers usually cooled at a cooling rate of 5000 to 30000°C/s after drawing are 
in a state yielding a more disordered atomic an-angement and a higher ffctive temperature as compared with bulk glass, 
which is supposed to be a reason why Rayleigh scattering intensity is greater 

[0007] On the other hand, the time required for stmctural relaxation becomes longer as temperature is lower, whereby 
the structural relaxation does not occur at a temperature of about 1200''C unless this temperature is held for several 
45 tens of hours, for example. Since the optical fiber after drawing is normally cooled from about 2000°C to about 400*'C 
within several hundreds of milliseconds, it Is necessary that the annealing be effected in a state at a temperature higher 
than 1200*'C in order for the fictive temperature to be lowered to approach 1200*»C within a short period of time during 
which the optical fiber in its drawing step is cooled. 

[0008] Therefore, taking account of the optical fiber temperature and cooling rate after drawing, the inventors inves- 
50 tigated the relationship between the cooling rate and Rayleigh scattering coefficient in a part of optical fiber where the 
temperature was within the range from 1 200 to 1 700'*C, whteh was higher than the lowest temperature (about 1 200«»C) 
at which the above-mentioned structural relaxation proceeded but not exceeding 1 700»C at which the structural relax- 
ation proceeded within a very short period of time. As a result. It has been verified that the relationship shown in Fig. 
8 exists between the cooling rate and Rayleigh scattering coefficient in a part of optical fiber where the temperature is 
55 1 200 to 1 700*»C. Here, Rayleigh scattering intensity (1) has such a characteristic as to be inversely proportional to the 
biquadrate of wavelength (X) as shown in the following expression (1): 
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/=/VX* (1) 

where coefficient A is defined as Rayleigh scattering coefficient. 
* [0009] From these results, it has been found that, if the cooling rate in a predetenmined segment in an optical fiber 
drawn upon heating before being coated with a resin, in particular In a part of optical fiber where the temperature is 
1200 to 1 700'*C, is lowered, then the Rayleigh scattering intensity of optical fiber is reduced, whereby the transmission 
loss can be lowered. 

[0010] In view of such results of studies, for achieiving the above-mentioned object, the present invention provides 
10 an apparatus for making an optical fiber for drawing an optical fiber preform upon heating and coating thus drawn 
optical fiber with a resin; the apparatus comprising a heating furnace, disposed between a drawing furnace for drawing 
the optical fiber prefomn upon heating and a resin coating section for coating the drawn optical fiber with the resin, for 
heating the drawn optical fiber such that the optical fiber attains a temperature within the range from 1200 to lyoO^C, 
the heating fumace having a muffle tube through which the drawn optical fiber passes, the muffle tube being disposed 
1^ at a position satisfying: 

LI ^0.2x1^ 

^ where 

L1 Is the distance (m) from the lower end of a heater In the drawing fumace to the upper end of the muffle tube; 

and 

V is the drawing rate (nn/s). 

[0011] Since the heating furnace for heating the drawn optical fiber such that the optical fiber attains a temperature 
2^ within the range from 1 200 to 1 ZOC'C is disposed between the drawing furnace and resin coating section, the cooling 
rate is lowered in a predetemnined segment of the part of optical fiber where the temperature is 1200 to 1700°C in the 
optical fiber drawn upon heating before being coated with the resin, whereby this part is annealed. Therefore, the 
optical fiber lowers its fictive temperature, whereby it becomes possible to make an optical fiber having decreased its 
transmission loss by reducing Its Rayleigh scattering Intensity during a period from the drawing upon heatinjg to the 
30 resin coating. Also, since the Rayleigh scattering Intensity Is reduced by controlling the cooling rate of optical fiber after 
drawing before being coated with a resin, the heat treatment for reheating such as that in the above-mentioned prior 
art is unnecessary, whereby the apparatus is quite easily applicable to the mass production of optical fiber whose 
surfaces are coated with a resin. 

[0012] In the case where the drawing rate is higher, the position where the drawn optical fiber attains a given tem- 
35 perature shifts toward the resin coating section as compared with that in the case where the drawing rate Is lower. 
Therefore, if the muffle tube is located at a position satisfying 

tlS0.2xU. 

40 

then it can be placed at an appropriate position corresponding to the level of drawing rate, whereby the cooling rate 
of optical fiber can be lowered appropriately. 

[0013] In the apparatus for making an optical fiber in accordance with the present invention, the heating fumace may 
heat the drawn optical fiber at a temperature within the range from 1200 to 1 600°C. 

45 [0014] When the heating fumace heats the drawn optteal fiber at a temperature within the range from 1 200 to 1 600*»C, 
the cooling rate of the optical fiber lowers in a predetemilned segment In the part of optical fiber where the temperature 
is 1200 to 1700°C, so that the fictive temperature of the optical fiber decreases, whereby the Rayleigh scattering 
temperature can further be reduced. Here, the temperature of heating furnace is that near the furnace center. For 
example, the temperature of heater Is set to about 1700'*C in order for the temperature near the fumace center to 

^ become about 1600°C. 

[0015] In the apparatus for making an optical fiber in accordance with the present invention, the muffle tube may be 
disposed at a position where the drawn optical fiber attains a temperature within the range from 1 400 to 1 SOCC when 
entering the muffle tube. 

[0016] If the muffle tube Is disposed at a position where the drawn optical fiber attains a temperature within the range 
^ from 1400 to 1800**C when entering the muffle tube, then it is placed at an appropriate position conrespondlng to the 
level of drawing rate, whereby the cooling rate of optical fiber can be lowered appropriately, 

[0017] In the apparatus for making an optical fiber In accordance with the present Invention, the muffle tube may be 
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formed so as to satisfy: 

L2^V/S 

5 

where 

L2 is the total length (m) of the muffle tube; and 
V is the drawing rate (m/s). 

When the total length 12 of the muffle tube satisfies 

10 

L2>V/Q, 

it can be set to an appropriate length corresponding to the level of drawing rate, whereby the cooling rate of the optical 
IS fiber can be lowered appropriately. 

[001 8] In the apparatus for making an optical fiber in accordance with the present invention, the heating f umace may 
be provided with such a temperature gradient that the drawing furnace side and the resin coating section side attain 
higher and lower temperatures, respectively. 

[001 91 The optical fiber drawn upon heating has such a temperature distribution that the temperature decreases from 
20 the drawing furnace side to the resin coating section side. Therefore, when the heating furnace is provided with such 
a temperature gradient that the drawing furnace side and the resin coating section side attain higher and lower tem- 
peratures, respectively, the heating furnace exhibits a temperature distribution corresponding to the optical fiber having 
the temperature distributionmentioned above, whereby the optical fiber can be cooled at a more appropriate cooling 
rate. 

25 [0020] In view of the above-mentioned results of studies, for achieving the above-mentioned object, the present 
invention provides a method of making an optical fiber comprising the steps of drawing an optical fiber preform upon 
heating and coating thus drawn optical fiber with a resin; wherein a segment of optical fiber yielding a temperature 
difference of at least 50°C in a part where the optical fiber before being coated with the resin attains a temperature of 
1300 to 1700**C is cooled at a cooling rate of 1000°C/s or lower. 

30 [0021] When the cooling rate in the segment of optical fiber yielding a temperature difference of at least 50^*0 in a 
part where the optical fiber before being coated with the resin attains a temperature of 1 300 to 1 700°C is set to 1 000**C/ 
s or lower, the fictive temperature of optical fiber lowers, so that the disorder in atomic arrangement is reduced, whereby 
it is possible to make an optical fiber having lowered its transmission loss by reducing the Rayleigh scattering intensity 
within a very short period from the drawing upon heating to the resin coating. Also, since the Rayleigh scattering 

35 intensity is reduced by controlling the cooling rate of optical fiber after drawing before being coated with a resin, the 
heat treatment for reheating such as that in the above-mentioned prior art is unnecessary, whereby the method is quite 
easily applicable to the mass production of optical fiber whose surfaces are coated with a resin. 
[0022] The method of making an optical fiber in accordance with the present invention may use, as the optical fiber 
preform, an optical fiber preform having a core portion exhibiting a relative refractive index difference of 0.001 or less 

40 with respect to pure silica glass In a state containing a dopant, and draw the optical fiber preform upon heating. 

[0023] Since the core portion is made of substantially pure silica glass exhibiting a relative refractive index difference 
of 0.001 or less with respect to pure silica glass in a state containing a dopant, the optical fiber further lowers its fictive 
temperature, whereby it Is possible to further lower the Rayleigh scattering intensity. Here, pure silica glass in each 
claim refers to silica glass containing no dopant, whereas the relative refractive index difference Is defined by the 

45 following expression (2): 

relative refractive index difference = Inl - refractive index 
^ of object to be compared l/nl (2) 

where n1 is the refractive index of pure silica glass. 

[0024] The method of making an optical fiber in accordance with the present invention may use, as the optical fiber 
prefonn, an optical fiberprefonnwhose core portion is caused to contain hydroxyl group so as to yield a transmission 
55 loss of 0.02 to 0.5 dB/km due to hydroxyl group absorption at a wavelength of 1 .38 jxm, and draw the optical fiber 
prefomi upon heating. 

[0025] When hydroxyl group is contained such that the transmission loss caused by hydroxyl group absorption at a 
wavelength of 1 .38 \im becomes at least 0.02 dB/km, the optical fiber further lowers its fictive temperature, whereby 
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the Rayteigh scattering intensity can further be reduced. When hydroxyl group is contained such that the transmission 
loss is greater than 0.5 dB/km. on the other hand, the loss increases due to the absorption by hydroxyl group, which 
cancels out the effect of reducing Rayleigh scattering intensity caused by the addition of hydroxyl group, whereby the 
transmission loss as a whole increases. Therefore, when the core portion is caused to contain hydroxyl group so as 

5 to yield a transmission loss of 0.02 to 0.5 dB/km due to hydroxyl group absorption at a wavelength of 1 .38 jim, the 
optical fiber further lowers its fictive temperature, whereby the Rayleigh scattering Intensity can further be reduced. 
[0026] The method of making an optical fiber in accordance with the present invention may use, as the optical fiber 
preform, an optical fiber prefonnwhose core portion, is caused to contain CI so as to yield a relative refractive index 
difference of 0.0001 to 0.001 with respect to pure silica glass, and draw the optical fiber preform upon heating. 

10 [0027] When CI is contained such that the relative refractive index difference with respect to pure silica glass is at 
least 0.0001 , the optical fiber further lowers its ftotive temperature, whereby the Rayleigh scattering intensity can further 
be lowered. When CI Is contained such that the relative refractive index difference exceeds 0.001 , the Rayleigh scat- 
tering intensity is enhanced by CI Itself, which cancels out the effect of lowering Rayleigh scattering intensity caused 
by the addition of CI. whereby the total transmission loss increases. Therefore, when CI is contained In the core portion 

15 such that the relative refractive index difference with respect to pure silica glass Is 0.0001 to 0.001, the optical fiber 
further lowers its fictive temperature, whereby the Rayleigh scattering intensity can further be lowered. 
[0028] The method of making an optical fiber in accordance with the present invention may use. as the optical fiber 
preform, an optfcal fiber preform having a cladding portion whose part extending to the outermost periphery from a 
position'where the distance from the center of the optical fiber preform is within the range from 0.7 to 0.9 in ternis of 

20 the ratio with respect to the radius of the optical fiber preform is made of highly pure silica glass, and draw the optical 
fiber preform upon heating. 

[0029] As a result of the inventors* studies, it has become clear that the Rayleigh scattering intensity increases when 
the tension acting on the optical fiber upon drawing is enhanced, whereas the Rayleigh scattering intensity does not 
change when the outermost layer of optical fiber preform unrelated to light transmission is made of highly pure silica 

25 glass even if the above-mentioned tension is enhanced. When the part related to light transmission is made of highly 
pure silica glass, the refractive index changes, thereby modifying characteristics of the optical fiber. While the part 
unrelated to light transmission is a part where the distance from the center of the optrcal fiber prefonm is at least 0.7 
in terms of the ratio with respect to the radius of optical fiber prefomi, the transmission loss will be greater if the part 
on the outer periphery side of the position where the distance from the center is greater than 0.9 in terms of the ratio 

30 with respect to the radius of optical fiber prefomn is made of pure silfca glass since the Rayleigh scattering intensity 
changes when the tension is made greater. Therefore, by using an optical fiber having a cladding portion whose part 
extending to the outennost periphery from a position where the distance from the center of the optical fiber preform Is 
within the range from 0.7 to 0.9 in temns of the ratio with respect to the radius of the optical fiber prefonn is made of 
highly pure silica glass, the Rayteigh scattering intensity is restrained from increasing even when a high tension ads 

35 on the optical fiber, whereby the increase in loss can be suppressed. Here, the highly pure silica glass refers to silica 
glass whose relative refractive index difference with respect to pure silica glass in a state containing a dopant or the 
like is 0.001 or less. 

[0030] In the method of making an optical fiber in accordance with the present invention, a part of the optical fiber 
having a temperature higher than 1 700*»C before being coated with the resin may be cooled at a cooling rate of 4000«C/ 
40 s or higher. 

[0031 ] When the part of optical fiber having a temperature higher than 1 700"C is cooled at a cooling rate of 4000»C/ 
s or higher, the height of equipment for canying out drawing can be lowered. Since the structural relaxation of atoms 
proceeds in a very short period of time, the equilibrium state at each temperature can be maintained even when cooled 
at a cooling rate of 4000°C/s or higher, whereby no influence is exerted upon the Rayleigh scattering intensity. 

45 [0032] In view of the above-mentioned results of studies, for achieving the above-mentioned object, the present 
invention provides an apparatus for making an optical fiber for drawing an optical fiber prefomi upon heating and 
coating thus drawn optical fiber with a resin; the apparatus comprising a heating fumace, disposed between a drawing 
furnace for drawing the optical fiber prefomn upon heating and a resin coating section for coating the drawn optical 
fiber with the resin, for heating the drawn optical fiber such that a segment of the optical fiber yielding a temperature 

50 difference of at least 50«C in a part of the optical fiber attaining a temperature of 1 300 to 1 700'C is cooled at a cooling 
rate of 1 000° C/s or less. 

[0033] Since the segment of optical fiber yielding a temperature difference of at least SO^C in the part of optical fiber 
before being coated with a resin where the temperature ranges from 1300 to 1 700*'C is slowly cooled at a cooling rate 
of 1000*»C/s or less by the heating furnace disposed between the drawing furnace and the resin coating section, the 
55 optical fiber further lowers its fictive temperature, and the disorder in atomic arrangement is reduced, whereby it is 
possible to make an optical fiber having lowered its transmission loss by reducing the Rayleigh scattering intensity 
within a very short period from the drawing upon heating to the resin coating. Also, since the Rayleigh scattering 
intensity is reduced by controlling the cooling rate of optical fiber after drawing before being coated with a resin, the 
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heat treatment for reheating such as that in the above-nnentioned prior art is unnecessary, whereby the apparatus is 
quite easily applicable to the mass production of optica! fiber whose surfaces are coated with a resin. 
[0034] The apparatus for making an optical fiber in accordance with the present invention may further comprise 
atmosphere gas supplying means for supplying, as an atmosphere gas of the optical fiber within the heating furnace, 
5 an atmosphere gas having a themnal conductivity on a par with or tower than that of an atmosphere gas in the drawing 
furnace. 

[0035] When the atmosphere gas supplying means is further provided, the atmosphere gas of optical fiber within the 
heating furnace lowers its themnal conductivity, so that the cooling rate within the heating furnace can be lowered, 
which enables the optical fiber to further lower its transmission loss. 
10 [0036] The apparatus for making an optical fiber in accordance with the present invention may further comprise 
outside diameter measuring means for measuring the outside diameter of the optica! fiber having exited from the 
heating furnace, and control means for controlling the drawing rate of the optical fiber according to a result of meas- 
urement by the outside diameter measuring means such that the outside diameter of the optical fiber attains a prede- 
termined value. 

15 [0037] When the control means is further provided, the outside diameter of the optfcal fiber In which the outer diameter 
length is in a stable state is measured, and the drawing rate of optical fiber is controlled according to thus measured 
outside diameter, whereby the drawing rate of optical fiber can appropriately be controlled. 

Brief Description of the Drawings 

20 

[0038] 

Rg. 1 is a schematic diagram showing a first embodiment of the apparatus and method for making an optical fiber 
in accordance with the present invention; 
25 Fig. 2 is a chart showing examples according to the first embodiment of the apparatus and method for making an 

optical fiber in accordance with the present invention, and comparative examples; 

Fig. 3 is a schematic diagram showing a modified example of the first embodiment of the apparatus and method 
for making an optical fiber in accordance with the present invention; 

Fig. 4 is a schematic diagram showing a modified example of the first embodiment of the apparatus and method 
30 for making an optical fiber in accordance with the present invention; 

Fig. 5 Is a schematic diagram showing a second embodiment of the apparatus and method for making an optical 
fiber in accordance vyith the present invention; 

Fig. 6 is a chart showing examples according to the second embodiment the apparatus and method for making 
an optical fiber in accordance with the present invention, and comparative examples; 
35 Fig. 7A is a diagram showing the optical fiber preform used in an experimental example of the second embodiment 

of the apparatus and method for making an optical fiber in accordance with the present Invention; 
Fig. 7B is a chart showing the refractive index of the optical fiber prefonn used in the experimental example of the 
second embodiment of the apparatus and method for making an optical fiber in accordance with the present in- 
vention; and 

40 Fig. 8 Is a chart showing the relationship between the cooling rate and Rayleigh scattering coefficient of the optical 

fiber prefonm. 

Best Modes for Carrying Out the Invention 

45 [0039] Embodiments of the present invention will be explained with reference to the drawings. In the explanation of 
the drawings, constituents identical to each other will be referred to with numerals or letters identical to each other 
without repeating their overiapping descriptions. 

First Embodiment 

so 

[0040] To begin with, a first embodiment of the apparatus and method for making an optical fiber In accordance with 
the present invention will be explained. 

[0041] Adrawing apparatus 1 is an apparatus for drawing silica type optical fiber; and comprises a drawing furnace 
11 . a heating furnace 21 for annealing, and a resin curing section 31 . which are disposed in this order In the direction 
55 of drawing an optical fiber prefonn 2 (from the upper side to the lower side in Fig. 1). The optical fiber preform 2 held 
by a prefonn supplying apparatus (not depicted) is supplied to the drawing furnace 11 . and the lower end of the optical 
fiber prefomi 2 Is heated and softened by a heater 12 within the drawing furnace 11 , so as to draw an optical fiber 3. 
An inert gas supply passage 15 from an inert gas supply section 14 is connected to a muffle tube 13 of the drawing 
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furnace 11 , so that an inert gas atmosphere is attained within the muffle tube 13 of drawing furnace 11 . The optical 
fiber 3 drawn upon heating is rapidly cooled to about 1 700°C by the inert gas within the muffle tube 1 3. Thereafter, the 
optical fiber 3 is taken out of the drawing furnace 11 from the lower part of the muffle tube 13. and is cooled with afr 
between the drawing furnace 11 and the heating furnace 21 . As the inert gas. N2 gas can be used, for example. This 
5 N2 gas has a thermal conductivity coefficient X (T=300K) of 26 mW/(m.K). The thenmal conductivity coefficient X (T = 
300 K) of air is 26 mW/(m-K). 

[0042] The air-cooled optical fiber 3 is sent to the heating furnace 21 » so that a predetermined segment of the optical 
fiber 3 is heated and then is annealed at a predetemnined cooling rate. The heating furnace 21 has a muffle tube 23 
through which the optical fiber 3 passes. The muffle tube 23 is set such that its total length L2 (m) in the drawing 
10 direction of the optical fiber prefomi 2 (in the vertical direction of Fig. 1) satisfies: 



15 where V is the drawing rate (m/s). Also, in the heating furnace 21 , the muffle tube 23 is set at a position where the 
temperature (entering temperature) of the optical fiber immediately before entering the muffle tube 23 falls within the 
range from 1400 to 1 800'C, so as to satisfy, with respect to the drawing furnace 11 . 



LI is the distance (m) from the lower end of heater 1 2 of drawing furnace 1 1 to the upper end of muffle tube 23; and 
Vis the drawing rate (m/s). The temperature of a heater 22 in the heating furnace 21 is set such that the temper- 
25 ature at the furnace center (the part through which the optical fiber 3 passes) attains a temperature within the range 
from 1200 to leoO'^C, in particular within the range from 1300 to 1500**C. 

[0043] Upon the above-mentioned setting of position and length of heating furnace 21 (muffle tube 23). the segment 
of optica! fiber 3 yielding a temperature difference of at least 50'C in the part of optical fiber 3 drawn upon heating 
where the temperature ranges from 1 200 to 1 700'C in the heating furnace 21 , e.g., the part where the temperature of 
30 optical fiber 3 ranges from 1 400 to 1 600'C (the segment yielding a temperature difference of 200«C) is annealed at a 
cooling rate of 1 000° C/s or less. Here, when the temperature of furnace center is set to a temperature within the range 
from 1 300 to 1 600°C. the section where the optical fiber 3 yields a temperature difference of at least 50'C in the part 
of optical fiber 3 drawn upon heating where the temperature ranges from 1400 to ISOO'C is annealed at a cooling rate 
of 1000°C/s or less. 

35 [0044] Connected to the muffle tube 23 of heating furnace 21 is an Nj gas supply passage 25 from an Ng gas supply 
section 24. so that the muffle tube 23 of heating furnace 21 attains an N2 gas atmosphere therewithin. In place of N2 
gas. gases having a relatively large molecular weight such as air and Ar. and the like can be used as well. When a 
carbon heater is employed, it is necessary to use an inert gas as a matter of course. 

[0045] Of the optical fiber 3 having exited from the heating fumace 21 . the outside diameter is measured online by 
40 an outside diameter meter 41 acting as outside diameter measuring means, and thus measured value is fed back to 

a driving motor 43 for driving a drum 42 to rotate, such that the outside diameter is controlled so as to become constant. 

The output signal from the outside diameter meter 41 is sent to a control unit 44 acting as control means, where the 

rotating speed of drum 42 (driving motor 43) is determined by an arithmetic operation such that the outside diameter 

of optical fiber 3 attains a predetemnined value which has been set beforehand. The output signal indicative of the 
45 rotating speed of drum 42 (driving motor 43) determined by the arithmetic operation is outputted from the control unit 

44 to a driving motor driver (not depicted), whereas the driving motor driver controls the rotating speed of the driving 

motor 43 according to the output signal from the control unit 44. 

[0046] Thereafter, the optical fiber 3 is coated with a UV resin 52 by a coating die 51 . and the UV resin 52 is cured 
by a UV lamp 32 of the resin curing section 31 , whereby a coated optical fiber 4 is obtained. By way of a guide roller 
50 61 , the coated optical fiber 4 is taken up by the drum 42. The drum 42 is supported by a rotary driving shaft 45, whereas 
an'end part of the rotary driving shaft 45 is connected to the driving motor 43. Here, the coating die 51 and the resin 
curing section 31 constitute the resin coating section in each claim. The resin coating section may be configured so 
as to apply a thermosetting resin, which is to be cured by a heating fumace. 

[0047] Though the inert gas supply passage 15 from the inert gas supply section 14 is connected to the muffle tube 
55 13 of drawing fumace 11 so that an Inert gas atmosphere is attained within the muffle tube 13 of drawing fumace 11 , 
an N2 gas supply section may be provided as the Inert gas supply section 14 so as to supply Ng gas into the muffle 
tube 1 3 such that an gas atmosphere is attained therein. When the drawing rate is low. e.g.. 1 00 nn/min. the optical 
fiber 3 may be cooled to about 1000"C within the drawing fumace 11 (muffle tube 13) In an He gas atmosphere. This 
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is the reason why gas is supplied into the muffle tube 13, so as to attain an N2 gas atmosphere within the muffle 
lube 13. thereby causing the optical fiber 3 to attain a temperature of about 1700°C at the exit of drawing furnace 11 
(muffle tube 13). As a matter of course, He gas supply section and gas supply section may be provided, so as to 
supply He gas and/or gas into the muffle tube 13 in response to the drawing rate. 

5 [0048] Next, with reference to Fig. 2, results of experiments according to the apparatus and method for making an 
optical fiber in accordance with the first embodiment using the above-mentioned drawing apparatus 1 will be explained. 
The conditions common in these experiments are as follows. As the optical fiber prefonm 2, one having an outside 
diameter of 35 mm was used, and an optical fiber 3 having an outside diameter of 1 25 |4.m was drawn from the optical 
fiber preform 2. The temperature of drawing furnace was about 2000'*C at the surface of the inner periphery of the 

10 muffle tube. In the following Examples 1 to 8 and Comparative Examples 1 to 4, the surface temperature of optical 
fiber 3 is taken as the temperature of optical fiber 3. The difference between the surface temperature of optical fiber 3 
and the temperature within the optical fiber 3 is on the order of 20 to 100*C. The surface temperatures of the inner 
peripheral faces (surfaces opposing the surfaces of optical fiber preform 2 and optical fiber 3) of muffle tubes 13. 23 
are taken as the temperatures of drawing furnace 11 and heating furnace 21 , respectively. In each of Examples 1 to 

15 8 and Comparative Examples 1 to 4, gas was used as the inert gas. 

[0049] Examples 1 to 4 are examples according to the apparatus and method for making an optical fiber in accordance 
with the above-mentioned first embodiment, whereas Comparative Examples 1 and 2 are comparative examples car- 
ried out for comparison with the examples according to the apparatus and method for making an optical fiber in ac- 
cordance with the above-mentioned first embodiment. 

20 

Example 1 

[0050] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 0.4 m and L2 = 0.5 m. an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 

25 pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gf), and 1300**C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1600*C in tenms of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating fumace was 1 350'C in temns of the surface temperature of optical fiber. 

30 Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 350«C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 2000''C/s in a segment of 0.5 m whteh is the total length 
of heating furnace. 

[0051] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube. 0.5 = 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
35 transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 jim) was 
measured and found to be 0.167 dB/km. 

Example 2 

40 [0052] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 0.4 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s. 0.196 N (20 gf). and ISOO^C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 

45 temperature) was 1600**C in temns of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 350*»C in temns of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 350°C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 1000*»C/s in a segment of 1 .0 m which is the total length 
of heating furnace. 

50 [0053] As for the position of muffle tube. 0.4 < 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube. 1 .0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 jim) was 
measured and found to be 0.165 dB/km. 

55 Example 3 

[0054] Using a heating furnace having a muffle tube (with an Inner peripheral diameter of about 30 mm) in which L1 
= 0.4 m and L2 = 2.0 m. an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 




8 



EP 1 205 449 A1 

pure silica giass and a cladding portion nnade of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s. 0.196 N (20 gO» and 1300**C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1600**C in terms of the surface temperature of optical fiber, whereas the temperature of the optical 
5 fiber immediately after exiting from the heating furnace was 1 300**C in tenms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 300''C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 600*C/s in a segment of 2.0 m which is the total length of 
heating furnace. 

[0055] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
10 (4). As for the total length of muffle tube, 2.0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 ^m) was 
measured and found to be 0.164 d8/km. 

Example 4 

15 

[0056] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 0.6 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s. 0.196 N (20 gf), and 1300*0, 

20 respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1400<*C in terms of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 300'C in terms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1400 to 1300^*0 in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 250°C/s in a segment of 1 .0 m which is the total length of 

25 heating furnace. 

[0057] As for the position of muffle tube, 0.8 = 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube, 1 .0 > 0.5 (= 4/8). thereby satisfying the above-mentioned expression (3), The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 ^.m) was 
measured and found to be 0.1 67 dB/km. 

30 

Comparative Example 1 

[0058] An optical fiber was drawn in a state where the heating furnace was removed. The optical fiber preform to be 
drawn had a core portion made of pure silica glass and a cladding portion made of fluorine-doped glass. The drawing 
35 rate and the drawing tension were set to 2 to 1 0 m/s and 0.1 96 N (20 gf), respectively. In this case, the part of optical 
fiber attaining a temperature of 1 300 to 1 700'*C was cooled at an annealing rate of about 5000*C/s. 
[0059] The transmission loss of drawn optical fiber (transmission loss with respect to tight having a wavelength of 
1 .55 (im) was measured and found to be 0.168 dB/km. and there was no dependence on the drawing rate. 

40 Comparative Example 2 

[0060] Using a heating furnace having a muffle tube (with an Inner peripheral diameter of about 30 mm) in which LI 
= 1.0 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
45 temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gf), and 1300*0, 
respectively. In this case, the temperature of the optical fiber Immediately before entering the heating furnace (entering 
temperature) was 1000*^0 in terms of the surface temperature of optical fiber. 

[0061] As for the position of muffle tube, 1 .2 > 0.8 (= 4 x 0.2), thereby failing to satisfy the above-mentioned expression 
(4). As for the total length of muffle tube, 1 .0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
50 transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 jxm) was 
measured and found to be 0.168 dB/km as with the transmission loss in Comparative Example 1 in which the heating 
furnace was removed. 

[0062] As in the foregoing, it has been verified that the transmission loss with respect to light having a wavelength 
of 1.55 iim is 0.164 to 0.167 dB/km in Examples 1 to 4, and thus can be lowered by the range of 0.001 to 0.004 dB/ 
55 km from the transmission loss of 0. 1 68 dB with respect to light having a wavelength of 1 .65 jim in Comparative Examples 
1 and 2. If LI as the position of muffle tube of heating furnace is made greater than 0.8 m (so as to be distanced from 
the drawing furnace) when the drawing rate is 4 m/s, it will be harder to heat the part of optteal fiber attaining a tem- 
perature of 1200 to 1700^*0 after drawing, so that the cooling rate in this part cannot be lowered, whereby the trans- 
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mission loss will increase. Also, even when the muffle tube of heating fumace is disposed at a position satisfying 
expression (4), if the total length of muffle tube is shorter than 0.5m, it will be harder to heat the part of drawn optical 
fiber attaining a temperature of 1200 to l/OO'C. so that the cooling rate in this part cannot be lowered, whereby the 
transmission loss will increase. 

[0063] Next, experiments were carried out while changing temperature conditions of the heating furnace (surface 
temperature of inner peripheral face of muffle tube). Examples 5 and 6 are examples according to the apparatus and 
method for making an optical fiber in accordance with the above-mentioned first embodiment, whereas Comparative 
Example 3 is a comparative example carried out foe comparison with the examples according to the apparatus and 
method for making an optical fiber in accordance with the above-mentioned first embodiment. 

Example 5 

[0064] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which L1 
= 0.4 m and L2 = 1 .0 m. an optical fiber was drawn. The optical fiber prefomri to be drawn had a core portion made of 

IS pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gO. and 1500"C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating fumace (entering 
temperature) was 1 600° C in terms of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 530'C in terms of the surface temperature of optical fiber. 

20 Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 SSQ^C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 280''C/s in a segment of 1 .0 m which is the total length of 
heating furnace. . 
[0065] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0.2), thereby satisfyingthe above-mentioned expression (4). 
As for the total length of muffle tube, 1 .0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 

25 transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 \un) was 
measured and found to be 0.162 dB/km. 

Example 6 

30 [0066] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which L1 
= 0.4 m and L2 = 1 .0 m. an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gO, and 1200'»C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating fumace (entering 

35 temperature) was 1 600«'C in terms of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 250«C in terms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 250°C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about SSO^'C/s in a segment of 1 .0 m which is the total length of 
heating furnace. 

40 [0067] As for the position of muffle tube. 0.4 < 0.8 (= 4 x 0.2). thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube. 1 .0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 nm) was 
measured and found to be 0.167 dB/km. 

45 Comparative Example 3 

[0068] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 0.4 m and = 1 .0 m, an optical fiber was drawn. The optical fiber prefomn to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 

50 temperature of heating furnace (temperature at the furnace center) were set to 4 nn/s, 0.196 N (20 gO. and lOOO'^C, 
respectively In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1 600°C in temis of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 050«C in tenms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 050°C in the drawn optical fiber is assumed 

55 to have been cooled at an average annealing rate of about 2200*»G/s in a segment of 1 .0 m which is the total length 
of heating furnace. 

[0069] In Comparative Example 3. as for the position of muffle tube. 0.4 < 0.8 (= 4 x 0.2). thereby satisfying the 
above-mentioned expression (4). As for the total length of muffle tube. 1 .0 > 0.5 (= 4/8), thereby satisfying the above- 
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mentioned expression (3). However, the optical fiber failed to attain a temperature of 1200°C or higher in the part of 
heating furnace The transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength 
of 1 .55 nm) was measured and found to be 0. 1 68 dBflan as with the transmission loss in Comparative Example 1 in 
which the heating furnace was removed. . .u 

roOTOl As in the foregoing, it has been verified that the transmission loss with respect to light having a wavelength 
of 1 55 urn is 0 162 to 0.167 dB/km in Examples 5 to 6. and thus can be lowered by the range of 0.001 to 0.006 OBI 
km from the transmission loss of 0.1 68 dB with respect to light having a wavelength of 1 .55 jim in Comparative Example 
3 When the temperature of heating fumace (surface temperature of inner peripheral face of muffle tube) is 1200'C or 
higher as can be seen from the results of experiments, the part of optical fiber attaining a temperature of 1300 to 
1700-C after drawing can be heated, so that the cooling rate in this part is lowered, whereby the transmission can be 
reduced In particular, as can be seen from Examples 2 and 5. the transmission loss can further be reduced when the 
temperature of the heating fumace (surface temperature of inner peripheral face of muffle tube) is 1300 to ISOO-C. 
r0O71 1 Next experiments were carried out while changing drawing rate conditions. Examples 7 and 8 are examples 
according to the apparatus and method for making an optical fiber in accordance with the above-mentioned first em- 
bodiment whereas Comparative Example 4 is a comparative example carried out for comparison with the examples 
according to the apparatus and method for making an optical fiber in accordance with ttie above-mentioned first em- 
t)odiment 

Example 7 

r00721 using a heating fumace having a muffle tube (with an Inner peripheral diameter of about 30 mm) in which LI 
= 0 8 m and L2 = 1 0 m an optical fiber was drawn. The optical fiber prefomn to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
Temperature of heating fumace (temperature at the fumace center) were set to 8 m/s, 0.196 N (20 gf), and 1300 C. 
25 respectively In this case, the temperature of the optical fiber immediately before entering the heating fumace (entenng 
temoerature) was i700''C in tenns of the surface temperature of optical fiber, whereas the temperature of the optical 
fiberimmediately after exiting from the heating furnace was 1 550°C in terms of the surface temperature of optical fiber 
Hence. In the heating fumace. the part attaining a temperature of 1 700 to 1 550-C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 1200-as in a segment of 1 .0 m which is the total length 
30 of heating furnace. 

r00731 As for the position of muffle tube, 0.8 < 1 .6 (= 8 x 0.2). thereby satisfying the above-mentioned expression 
4) As for the total length of muffle tube. 1 .0 = 1 .0 (= 8/8). thereby satisfying the above^nentioned expression (3) The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 iim) was 
measured and found to be 0.167 dB/km. 
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Example 8 



r00741 using a heating fumace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 0 8 m and L2 = 2 0 m an optical fiber was drawn. The opttaal fiber preform to be drawn had a core portion made of 

40 pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 8 m/s. 0.196 N (20 gf). and 1300 C. 
respectively In this case, the temperature of the optical fiber immediately before entering the heating fumace (entenng 
temperature) was 1700'C in temis of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the healing fumace was 1 450°C in temns of the surface temperature of optical fiber 

45 Hence, in the heating furnace, the part attaining a temperature of 1 700 to 1 450-C in the drawn optica fiber is assumed 
to have been cooled at an average annealing rate of about l00O°C/s In a segment of 2.0 m whwh Is the total length 

r007?" A^rihe position of muffle tube, 0.8 < 1.6 (= 8 x 0.2). thereby satisfying the above^entloned expression 
4) L tor the total length of muffle tube, 2.0 > 1 .0 (= 8/8). thereby satisfying the above-mentioned expression (3) 
50 The transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 jim) 
was measured and found to be 0.165 dB/km. 

Comparative Example 4 

55 ro0761 using a heating fumace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 2 0 m and L2 = 1 0 m an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
^ure silica glass and a cladding portion made of fluorine-doped glass. The drawing »';«^«7,"9^"^'°"-4;'115f 
temperature of heating fumace (temperature at the fumace center) were set to 8 m/s. 0.196 N (20 gO. and 1300 C. 
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respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entenng 
temperature) was 1 0OO'C in terms of the surface temperature of optical fiber. 

[0077] As for the position of muffle tube, 2.0 > 1 .6 {= 8 x 0.2). thereby failing to satisfy the above-mentioned expression 
(4) As for the total length of muffle tube. 1 .0 = 1 .0 (= 8/8). thereby satisfying the above-mentioned expression (3). The 
5 transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 urn) was 
measured and found to be 0.168 dB/km as with the transmission loss in Comparative Example 1 in which the heating 

furnace was removed. . , ,u 

[0078] As in the foregoing, it has been verified that the transmission loss with respect to light having a wavelength 
of 1 55 iim is 0 165 to 0.167 dB/km in Examples 7 and 8. and thus can be lowered by the range of 0.001 to 0.003 dB^ 
10 km from the transmission loss of 0.1 68 dB with respect to light having a wavelength of 1 .55 urn in Comparative Example 
4 If LI as the position of muffle tube of heating furnace is 2.0 m when the drawing rate is 8 m/s, it will be harder to 
heat the part of optical fiber attaining a temperature of 1200 to 1700''C after drawing, so that the cooling rate in this 
Dart cannot be lowered, whereby the transmission loss will increase. Also, even when the muffle tube of heating furnace 
is disposed at a position satisfying expression (4), if the total length of muffle tube is shorter than 1 .0 m. it will be harder 
15 to heat the part of drawn optical fiber attaining a temperature of 1200 to 1700»C. so that the cooling rate in this part 
cannot be lowered, whereby the transmission loss will increase. .i. 
[00791 As can be seen from the results of experiments mentioned above, since the heating furnace 21 in which the 
optical fibers drawn upon heating by the drawing furnace 11 before being coated with the UV resin 52 is heated at a 
temperature of 1200 to UOO-C is disposed between the drawing furnace 11 and resin cunng section 31 (coating die 
20 51 ) in the apparatus and method for making an optical fiber in accordance with the first embodiment, cooling rate is 
lowered in a predetermined segment in the part attaining a temperature ranging from 1200 to 1700°C in the above- 
mentioned optical fiber 3. so that the fictive temperature of optfcal fiber 3 decreases, thus lowering the disonjer in 
atomic arrangement, whereby it becomes possible to make the optical fiber 3 having decreased its transmission loss 
by reducing its Rayleigh scattering intensity during the period from the drawing upon heating to the coating with the 
25 UV resin 52 Also, since the Rayleigh scattering intensity is reduced by controlling the cooling rate of optical fiber 3 
after drawing before being coated with the UV resin 52. the heat treatment for reheating such as that in the above- 
mentioned prior art is unnecessary, whereby the apparatus is quite easily applicable to the mass production of the 
coated optteal fiber 4 whose surface is coated with the UV resin 52 cured thereon. . ^ .. , ... 

[00801 When the optical fiber 3 drawn upon heating by the drawing furnace 1 1 before being coated with the UV resin 
30 52 is heated at a temperature of 1 300 to 1 600»C in the heating furnace 21 . the cooling rate of optteal fiber 3 decreases 
at a predetennined segment in the part of optical fiber 3 attaining a temperature of 1200 to 1700°C. so that the optical 
fiber 3 lowers its fictive temperature, whereby its Rayleigh scattering intensity can further be reduced. 
r0081l When the position of muffle tube 23 of heating furnace 21 is located at a position satisfying the above-men- 
tioned expression (4), a predetermined segment in the part attaining a temperature of 1200 to 1700-C in the optical 
35 fiber 3 after being drawn upon heating in the drawing furnace 11 before being coated with the UV resin 52 can be 
heated securely, whereby the cooling rate in this part can be lowered appropriately. 

[00821 When the position of muffle tube 23 of heating furnace 21 is located at a position where the temperature 
entering temperature) of optical fiber immediately before entering the muffle tube 23 ranges from 1400 to 1 800°C. a 
predetennined segment in the part attaining a temperature of 1200 to 1700-C in the optical fiber 3 after being drawn 

40 upon heating in the drawing furnace 1 1 before being coated with the UV resin 52 can be heated secureV. whereby the 
cooling rate in this part can be lowered appropriately - 
[0083] When the total length of muffle tube 23 of heating furnace 21 satisfies the above-mentioned expression (3), 
a predetermined segment in the part attaining a temperature of 1 200 to 1 700°C in the optical fiber 3 after being drawn 
upon heating in the drawing fumace 1 1 before being coated with the UV resin 52 can be heated securely, whereby the 

45 cooling rate in this part can be lowered appropriately. ,. . 

[00841 Since an N, gas atmosphere is attained within the muffle tube 23 of heating fumace 21 , the cooling rate within 
the heating fumace 21 (muffle tube 23) can be towered, whereby the optical flber 3 can further lower its transmission 
loss When an He gas atmosphere is attained within the muffle tube 13 of drawing fumace 11 . on the other hand the 
cooling rate of optical fiber 3 within the drawing fumace (muffle tube 13) becomes about SOOOO'Cfe. In this case since 

50 air-cooling is carried out between the drawing fumace 11 and heating fumace 21 , the cooling rate of opt«al fiber 3 
becomes 4000 to SCOOoC/s. so that the optical fiber prefomi 2 is softened upon heating and is rapidly cooled until it 
tapers down to a predetermined diameter, whereby the optical fiber 3 can be restrained from fluctuating its outside 
diameter When the He gas atmosphere is attained within the muffle tube 1 3 of drawing fumace 11 while air-cooling is 
carried out between the drawing fumace 11 and heating fumace 21 , the part of optical fiber 3 yielding a temperature 

55 higher than 1700°C before entering the heating fumace 21 is cooled at a cooling rate of 4000°C/s or higher, whereby 
the height of equipment needed for cooling the optical fiber 3 can be reduced. At a temperature higher than 1700 C, 
the fictive temperature will be lower than 1 700«C even when rapidly cooled at a rate of about 30000-Cfe. for example, 
thus exerting no influences on Rayleigh scattering. 
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[00851 Since the outside diameter meter 41 for measuring the outside diameter of optical fiber 3 having exited from 
the heating furnace 21 and the control unit 44 for controlling the rotating speed of drum 42 (driving motor 43) according 
to the output signal from the outside diameter meter 41 such that the outside diameter of optical fiber 3 attains a 
predetermined value are provided, the outside diameter of the optical fiber 3 having exited from the heating furnace 
5 21 with an outside diameter length in a stable state is measured, and the rotating speed of the drum 42 (driving motor 
43) is controlled according to this stable outside diameter, whereby the drawing rate of optical fiber 3 can be controlled 
appropriately. 

[0086] Next with reference to Figs. 3 and 4, amodified example of the above-mentioned first embodiment will be 
explained As shown in Rg. 3 jn a drawing apparatus 1 01 for a silica type optical fiber, the heater 22 of heating furnace 
10 21 includes a first heater 71. a second heater 72, and a third heater 73. The heaters 71. 72. 73 are successively 
disposed In this order in the direction of drawing the optical fiber prefonm 2 (from the upper side to lower side in Fig. 
2). The respective temperatures of heaters 71 , 72, 73 are regulated so as to satisfy: 



ri=72+25»C (5) 
73= 72-25 '^C (6) 



20 Where 



T1 is the surface temperature of inner peripheral face of muffle tube 23 at a position corresponding to the first 

heater 71; . ^ j 

T2 is the surface temperature of inner peripheral face of muffle tube 23 at a position con-esponding to the second 

heater 72; and _.. . *u *u- ^ 

25 T3 is the surface temperature of inner peripheral face of muffle tube 23 at a position corresponding to the third 

heater 73. Here, the difference between T1 and T2 or the difference between T2 and T3 is not limited to 25-C mentioned 
above and the temperature difference may be about 30*0, for example. 

[00871 Thus a temperature gradient yielding higher and lower temperatures on the drawing furnace 1 1 side and the 
resin coating section 31 (coating die 51) side, respectively, is provided within the muffle tube 23 of heating fumace 21 

30 when the first heater 71 . second healer 72. and third heater 73 are provided- The optical fiber 3 drawn upon heating 
In the drawing furnace 11 has such a temperature distribution that its temperature lowers from the drawing furnace 11 
side to the resin coating section 31 (coating die 51) side. Hence, when the first healer 71 , second heater 72. and third 
heater 73 having regulated their temperatures are disposed as mentioned above, the heating furnace 21 is provided 
with such a temperature gradient that higher and lower temperatures are attained on the drawing fumace 1 1 side and 

35 the resin coating section 31 (coating die 51) side, respectively, so that the muffle tube 23 has a temperature distnbulion 
corresponding to the temperature of optical fiber 3 therewithin and appropriately keeps its temperature difference from 
the optical fiber 3. whereby the optical fiber 3 can be cooled at a further appropriate cooling rate. 
[0088] As another modified example, the heating furnace 21 may be provided integrally with the drawing fumace 1 1 
so as to be continuous therewith as In the drawing apparatus 201 shown in Fig. 4. When the heating fumace 21 is thus 

40 provided integrally with the drawing furnace 11 so as to be continuous therewith, the cooling rate decreases in a pre- 
determined segment in the part yielding a temperature of 1200 to 1700^0 in the optical fiber 3 after drawing upon 
heating in the drawing fumace 11 before being coated with the UV resin 52, so that the optical fiber 3 lowers its ficttve 
temperature and the disorder in atomic arrangement is reduced, whereby It is possible to make the optical fiber 3 
having lowered its transmission loss by reducing the Rayleigh scattering intensity within a very short penod from the 

45 drawing upon heating to the coating with the UV resin 52. 

Second Embodiment 

[00891 Next, with reference to Fig. 5. a second embodiment of the apparatus and method for making an optical fiber 

50 in accordance with the present invention will be explained. 

[0090] A drawing apparatus 301 is a drawing apparatus for a silica type optical fiber; and compnses a drawing fumace 
1 1 a heating fumace 21 for annealing, and a resin curing section 31 . which are disposed in this order in the direction 
of drawing an optical fiber preform 2 (from the upper side to the lower side in Fig. 5). The optical fiber preform 2 held 
by a prefonn supplying apparatus (not depicted) is supplied to the drawing fumace 11 , and the lower end of the optical 

55 fiber preform 2 is heated and softened by a heater 12 within the drawing fumace 11 . so as to draw an optical fiber 3^ 
He gas/No gas supply passage 31 5 for selectively supplying He gas or Ng gas from He gas/Na gas supply section 314 
is connected to a muffle tube 13 of the drawing fumace 11. so that an He gas atmosphere or Ng gas atmosphere is 
attained within the muffle tube 13 of drawing fumace 11. The optical fiber 3 drawn upon heating is rapidly cooled to 
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about 1 700-C within the muffle tube 1 3. Thereafter, the optical fiber 3 is taken out of the drawing J 
lower part of the muffle tube 13. and is cooled with air between the drawing furnace 1 1 and the heating furnace 21 He 
gThL a t^fn^al conductivity coefficient X (T=300K) of 150mW/(m.K) N, gas has ^ -"^^^^^^^^ 
X (T = 300 K) of 26 mW/(m - K). and air has a thermal conductivity coeffcient X (T = 300 K) of 26 mW/(m-K). 
r0091l The air-cooled optical fiber 3 is sent to the heating furnace 21 . so that a predetennined segnnent of optical 
iber 3 is heated and then is annealed at a predetermined cooling rate. The annealing in the heating furnace 21 is 
carried out by cooling at a cooling rate of 1 0CQoC/s or less the segment where the optical fiber 3 yields a temperature 
Se'en^e Of at leas?50»C in the part attaining a temperature of 1300 to 1700-C in the optical fiber 3 drawn upon 
h^t rtn particular, it is preferred that the segment where the optical fiber 3 yields a temperature difference o at 
le^ 50-C in the par^ attaining a temperature of 1400 to 1600'C in the optical fiber 3 drawn upon heating be cooled 
atTcooling rate of 1000-C/s or less. Therefore, the installing positions of the heater 22 and muffle tube 23 of heating 
furnace 21 and the total length thereof in the drawing direction of optical fiber prefomi 2 (the vertical direction in Fig. 
5) are set in view of the drawing rate. Here, the drawing rate is needed to be taken into consideration, since the position 
a which he optical fiber 3 att^ns a given temperature descends as the drawing rate Increases^ Also the temperature 
of he^er 22 of^heating furnace 21 is set such that the segment where the optical fiber 3 located within the muffle tube 
23 attains a temperature difference of at least 50°C is cooled at a cooling rate of 1 0OO'C/s or less. 
[mS connected to the muffle tube 23 of heating furnace 21 is an gas supply passage 25 from an gas supply 
section 24 so that the muffle tube 23 of heating furnace 21 attains an gas atmosphere therewrthin. gas has a 
themial conductivity lower than that of He gas. thereby acting to lower the cooling rate of optical fiber. In P^^e of 
giTases having a relatively large molecular weight such as air and Ar. and the like can be used as well. When a 
carbon heater is employed, it Is necessary to use an inert gas as a matter of cou rse. 

JooTs? NS wUh reference to Fig. 6. results of experiments according to the apparatus and method for rnaking an 
optrca fiber in accordance with the second embodiment using the above-mentioned drawing apparatus 301 w.H be 
explained. The conditions common in these experiments are as follows. As the optical fiber prefom, 2. one having an 
oSe diameter of 35 mm was used, and an optical fiber 3 having an outside diameter of 125 ^ was drawn from the 
:j Sfffrpl^^foL 2. The temperature of drawing furnace was about 2000oc (though slightly -^--^^^^'^o^^ 
Se drawing tension) at the surface of the inner periphery of the muffle tube. In the following «;<P^"'"«"»^«' ^,'1^^^^^^ 
(S3e89to24)thesurtace temperature of opticalfiber3is taken as the temperature of opt,calf,ber3.Thed^erence 

beS^The surface temperature of optical fiber 3 and the temperature within the optica, fiber 3 is on ttie order of 20 
?oToO'C T?.e surface temperatures of the inner peripheral faces (surfaces opposing the surfaces of op ica. fiber pre- 
fomi 2 and optical fiber 3) of muffle tubes 13. 23 are taken as the temperatures of drawing furnace 11 and heating 

IoOmT ^ExamplS to 12 are examples according to the apparatus and method for making an optical fiber in accord- 
SSL the above-mentioned second embodiment, whereas Comparar^^ 

^rr^ out for comparison with the examples according to the apparatus and method for making an optical fiber .n 
accordance with the above-mentioned second embodiment. 

Example 9 

r00951 Usinq a heating fumace having a muffle tube with a total length (L2) of 2 m in the drawing direction of optical 
Iber prefi^^ (and an inner peripheral dLneter of about 30mm). an optical fiber was drawn. Supplied into the drawing 
urnacf (^ff le tube" was ^ gas. The optical fiber prefomi to be drawn had a core portion made of pure silica glass 
and a cladding portion madi of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
SStrngTuSsurface temperature at the inner peripheral face of muffle tube) were set to 100 m/min. 0.196 N (20 
and resictively m this case, the temperature of the optical fiber immediately before entenng the heating 

Srn^e enterSg temperature) was 1 700=C in terms of the surface temperature of optical fiber, whereas the temper- 
aturfof Sfo7oarfrer imme^liately after exiting from the heating furnace was 1450'C « °' Jl^^^^^, ^^^^ 
perature of optical fiber. Hence, in the heating fumace. the part attaining a temperature of 1450 to 1 700 C t^^^^rawn 
optical Sber is assumed to have been cooled at an average cooling rate of about 250-C/s in a segment of 2 m which 

" ioiar^i;: uL^^^^^ '°ss with respect to light having a wavelength of 1 .55 ^) of the drawn 

opS fiber wLs measured and found to be 0.165 dBton. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristks of transmission loss was 0.825 dBnm*/km. 

55 Example 10 

r00971 Usinq a heating fumace having a muffle tube with a total length (l^) of 2 m in the drawing direction of optical 
fTerprefilr{l^dSlnL peripheral dL,et^ 
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furnace (muffle tube) was He gas. The optical fiber preform to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 400 m/mm, 0.294 N (30 
of) and 1 200°C respectively. In this case, the temperature of the optical fiber immediately before entering the heating 

5 furliace (entering temperature) was 1 SSO-C in temis of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber immediately after exiting from the heating furnace was ISOO'C in terms of the surface tem- 
oerature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1300 to 1 SSO'C in the drawn 
optical f iber is assumed to have been cooled at an average cooling rate of about 1 0OCC/s in a segment of 2 m which 
Is the total length of heating furnace. ^ . . x .... ^ 

10 100981 The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 nm) of the drawn 
optical fiber was measured arid found to be 0.167 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.838 dBnm*/km. 

Example 11 

r00991 Using a heating furnace having a muffle tube with a total length (L2) of 0.5 m in the drawing direction of optical 
fiber preform (and an inner peripheral diameter of about 30 mm), an optical fiber was drawn. Supplied into the drawing 
furnace (muffle tube) was gas. The optical fiber prefomi to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 

20 heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 1 00 m/min. 0.245 N (25 
of) and 1 450-0 respectively. In this case, the temperature of the optical fiber immediately before entering the heating 
furnace (entering temperature) was 1 550»C in tenns of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber immediately after exiting from the heating furnace was ISOO'C in terms of the surface tem- 
oerature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1 500 to 1 550°C in the drawn 

23 optical fiber is assumed to have been cooled at an average cooling rate of about 250°C/s in a segment of 0.5 m which 
is the total length of heating furnace. > . .u j 

roiOOl The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
optical fiber was measured and found to be 0.166 dBfl<m. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.838 dBnm*/km. 



30 



35 



Example 12 



roiOll Using a heating furnace having a muffle tube with a total length (L2) of 2 m in the drawing direction of optical 
fiber prefomi (and an inner peripheral diameter of about 30mm). an optical fiber was drawn. Supplied into the drawing 
furnace (muffle tube) was gas. The optical fiber preform to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 30 m/min, 0.196 N (20 
of) and 1 400°C respectively. In this case, the temperature of ttie optical fiber immediately before entenng the heating 
furnace (entering temperature) was 1700-C in terms of the surface temperature of optical fiber, whereas the temper- 
40 ature of the optical fiber immediately after exiting from the heating furnace was 1420°C in terms of the surface tem- 
perature of optical fiber. Hence, in the heating fumace, the part attaining a temperature of 1420 to 1700'C in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about 90-C/s in a segment of 2 m which is 
the total length of heating furnace. , , , .i. j 

[01021 The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
45 optical fiber was measured and found to be 0.160 dB/km. The Rayleigh scattering coefficient detemiined from the 
measured data of wavelength characteristic of transmission loss was 0.805 6Btun*nm. 

Comparative Example 5 

50 [01031 An optical fiber was drawn in a state where the heating fumace was removed. Supplied into ttie drawing 
umace (muffle tube) was He gas. The optical fiber prefom, to be drawn had a core portion made of pure silica g ass 
and a cladding portion made of fluorine-doped glass. The drawing rate and the drawing tension were set to 100 m^m.n 
^d 0.294 N (30 gf). respectively. In this case, ttie part attaining a temperature of 1300 to 1700'C m tt.e optical fiber 
was cooled at an average cooling rate of about 30000»C/s. .k . , « ,ho Hr^wn 

55 [01 041 The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 urn) of the drawn 
optical fiber was measured and found to be 0.175 dBflon. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.88 dBnm*/km. 
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Comparative Example 6 



r0105l An optical fiber was drawn In a state where the heating furnace was removed. Supplied into the drawingfur- 
nace (muffle tube) was He gas. The optical fiber preform to be drawn had a core portion made of pure s.nca g ass and 
rclLSportion made of fluorine-doped glass. The drawing rate and the drawing tension were setto 100 ra^mm and 
0 196 N (20 9? respectively. In this case, the part attaining a temperature of 1300 to 1700-C in the opt«:al fiber was 

Si?6] ^ITeTrsr^rst— -pectto light having awavelength of 1 .55 ^un) of the drawn 
oplSl fiber w^measured and found to be 0.170 dB/lcm. The Rayleigh scattering coefficient detem,.ned fmm the 
measured data of wavelength characteristic of transmission loss was 0.85 dB^nr^/km. 

Comparative Example 7 

roi 071 Usinq a heating furnace having a muffle tube with a total length (L2) of 2 m In the drawing direction of optical 
° er prefSnd an i^ peripheral dLeter of about 30mm). an optical fiber was drawn. Supplied into the drawing 
Lrnace (Zffle tube) was gas. The optical fiber preform to be drawn had a core portion made of pure s.hca glass 
anra cladding portion madi of fluorine-doped glass. The drawing rate, the drawing tension, and the empemture of 
SStmg SnaceTsurface temperature at the inner peripheral face of muffle tube) were set to 100 m/m.n. 0-294 N (30 . 
S and sS-S respectively. In this case, the temperature of the optical fiber immediately before entenng the heafng 
ffr^ace fentering^er^perature) was 1300°C in temis of the surface temperature of optical fiber, whereas the temper- 
Zrof t^e op«L fiber immediately after exiting from the heating furnace was 1 000-C in tem,s of the surface tem- 
ferSure of oSiber. Hence, in the heating furnace, the p 

oS fibt IS ^sumed to have been cooled at an average cooling rate of about 250'C/s in a segment of 2 m wh«h 

Optical fiber was measured and found to be 0.170 dB/km. The Rayleigh scattenng coefficient detemimed from the 
measured data of wavelength characteristic of transmission loss was 0.85 dBiim*/km. 

^109^ Astn the foregoina Examples 9 to 1 2 exhibited a Rayleigh scattering coefficient of 0.805 to 0.838 dSnm^/km 
Lnd a tra^^m^ion loS of 0 160 to 0.167 dB/km with respect to light having a wavelength of 1 .55 ^m. thus being able 
To TowSe Tyleigh scatteringcoeffoent and redu^ 

5 to 7 yielding a Rayleigh scattering coefficient of 0.B5 to 0.88 dB^m^/km and a transmission loss of 0.170 to 0.175 
dB/km with respect to light having a wavelength of 1 .55 \um. ^ „k«w= .»hiio 

[0^1 Next experiments were carried out under the experimental conditions of Example 9 mentioned above whHe 
Singing the concentration of hydroxyl group contained in the core portion of optical fiber preform. Examp^ 13 and 
u Z examples of the apparatus and method for making an optical fiber in accordance with the above^entioned 
second embodiment. 

Example 13 

40 [01 11] The core portion of the optical fiber prefom, to be drawn was caused to contain hydroxyl group such that the 
ransmiss on loss by hydroxyl group absorption at a wavelength of 1 .38 nm became 0.02 "^.B/^m. Supplied into the 
d«win?fTrnace (muffle' tube) was gas. A heating furnace having a muffle tube with a tomi '-"Sth (1^) "'^m ja"d 
rrnner peripheral diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension and the 
TemDeSture of heating f umace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/ 

45 r^r^ge N%0 S and 1400«C. respectively. In this case, the temperature of the optical fiber immediately before 
TnLn^the heatiS urnace (entering temperature) was 1700"C In tem« of the surface ^^-P^^^ture of ojj.cal fi^^^^ 
whereas the temperature of the optical fiber immediately after exiting from the heating furnace was ■'450'C in tem^s 
r, the surface temperature of optical fiber. Hence, in the heating furnace, the part '^^^//^^^f,""^";" 
1700°C in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 250 C/s in a 

so segment of 2 m which is the total length of heating furnace. _ ^ . „ ,„,„„^h «f i ..m^ of the drawn 
[0112] The transmission loss (transmission loss with respect to light having a wavelength of 1 ■^^^l^^J'^ri 
optical fiber was measured and found to be 0.164 dBfl<m. The Rayleigh scattenng coefflcent detemiined fmm the 
measured data of wavelength characteristte of transmission loss was 0.82 dBnm»/km. 

55 Example14 

[0113] The core portion of the optical fiber pretomi to be drawn was caused to contain hydroxyl group such that the 
t^ansrnisston loss by hydmxyl group absorption at a wavelength of 1.38 ^m became 0.5 dB/km. Supplied into the 
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drawing furnace (muffle tube) was gas. A heating furnace, having a muffle tube with a total length (L2) of 2 m (and 
an inner peripheral diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension and the 
temperature of heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 
min 0 196 N (20 of) and UOO'C. respecdveV- In this case, the temperature of the optical fiber immediately before 

5 entering the heatingfumace (entering temperature) was 1700'C in temis of the surface temperature of optical fiber, 
wheraas the temperature of the optical fiber immediately after exiting from the heating furnace was 1450»C in temis 
of the surface temperature of optical fiber. Hence, in the heating fumace. the part attaining a ternperature of 1 450 to 
1700-C in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 250 C/s in a 
segment of 2 m which is the total length of heating furnace. .k , i « .^i m tho rtr=.«,n 

•0 roi 1 4] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 nm) of the drawn 
optical fiber was measured and found to be 0.165 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.81 5 dB^an^nm. „ 
r01151 As in the foregoing, Examples 1 3 and 14 exhibited a Rayleigh scattering coefficient of 0.815 to 0.82 dB^*/ 
km and a transmission loss of 0. 1 64 to 0. 1 65 dB/km with respect to light having a wavelength of 1 .55 pm thus being 

»5 able to lower the Rayleigh scattering coefficient and reduce the transmission loss as compared with Example 9 yielding 
a Rayleigh scattering coeff icient of 0.825 dBumVkm and a transmission loss of 0. 1 65 dB/km with respect to ight having 
a wavelength of 1.55 ^. Though Example 14. in which hydroxyl group is contained in the core portion of the optical 
fiber preform to be drawn such that the transmission loss caused by hydroxyl group absorption at a wavelength of 1 .38 
nm is 0 5 dB/km, yields a Rayleigh scattering coeffteient lower than that in Example 9. the transmission loss caused 

20 Thydroxyl group absorption therein is at a level whteh cannot be neglected, thus canceling out the effect of lowering 
the Rayleigh scattering coefficient, whereby transmission loss wiU be enhanced if hydroxyl group is contained more 
01 161 Next experiments were carried out under the experimental conditions of Example 9 mentioned above while 
changing the concentration of Ci contained in the core portion of optical fiber prefom.. Examples 1 5 to 1 7 are examples 
of the aw>aratus and method for making an optical fiber in accordance with the above-mentioned second embodiment. 

Example 15 

r0117l The core portion of the optteal fiber prefomi to be drawn was caused to contain CI such that the relative 
ref rac ive index difference with respect to pure silica glass became 0.0001 . Supplied into the drawing fumace (muffle 
!be) was N, gas. A heating fumace having a muffle tube with a total length (L2) of 2 m (and an inner peripheral 
dl Jeter of about 30 mm) was used, whereas the drawing rate, the drawing tension and '«^P«^«»"^^,!^^«^"9 
fumace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/m.n. 0.196 N (20 gf). and 
1400'C respectively, in this case, the temperature of the optical fiber immediately before entering the heating fumace 
(entering temperature) was 1700-C in terms of the surface temperature of optical fiber, whereas the temperature o 
he optical fiber immediately after exiting from the heating fumace was 1450«C in tem^ of the surface temperature o 
opIicaSr. Hence, in the heating furnace, the part attaining a temperature of 1450 to 170O'C in the drawn optica, 
fiber is assumed to have been cooled at an average cooling rate of about 250-C/s in a segment of 2 m which is the 

Tl ir'?h?t— s^n loL (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
optical fiber was measured and found to be 0.164 dBfltm. The Rayleigh scattering coefficient detem^ined from the 
measured data of wavelength characteristic of transmission loss was 0.82 dBnm*/km. 
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Example 16 



45 [01 19] The core portion of the optical fiber prefomr. to be drawn was caused to contain CI such that the relatwe 
ref rac ive index difference with respect to pure silica glass became 0.0005. Supplied into the drawing fumace muffle 
uLTwas gas. A heating fumace having a muffle tube with a total length (L2) of 2 rn (and an 'nner penphera, 
diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension, and the ternperature^ heaUng 
furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/min. ai96 N 20 gO. «nd 

50 1 400'C respectively in this case, the temperature of the optical fiber immediately before entenng the heating fumace 
(entering temperature) was 1700°C in temns of the surface temperature of optical fiber, whereas the temperature o 
hSa Sr immediately after exiting frem the heating fumace was 1 450-C in temis of the surface temperature o 
op'icKer Hence, in the heating furnace, the part attaining a temperature of 1450 to 1700'C m the drawn optica, 
Sr is assumed to have been cooled at an average cooling rate of about 250'as in a segment of 2 m which is the 

optical fiber was measured and found to be 0.163 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.81 5 dB^m*/km. 
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Example 17 

[0121] The core portion of the optical fiber prefomn to be drawn was caused to contain CI such that the relative 
refractive index difference with respect to pure silica glass became 0.001 . Supplied into the drawing furnace (muffle 

5 tube) was Ng gas. A heating furnace having a muffle tube with a total length (L2) of 2 m (and an inner peripheral 
diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension, and the temperature of heating 
furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/mln. 0.1 96 N {20 gf). and 
1 400^0, respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace 
(entering temperature) was lyocc In terms of the surface temperature of optical fiber, whereas the temperature of 

10 the optical fiber immediately after exiting from the heating furnace was 1450^C in temns of the surface temperature of 
optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1450 to ITOO'^C in the drawn optical 
fiber Is assumed to have been cooled at an average cooling rate of about 250»C/s in a segment of 2 m which Is the 
total length of heating furnace. 

[0122] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 tim) of the drawn 
15 optica! fiber was measured and found to be 0.165 6B/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.825 dBfim^/km. 

[0123] As in the foregoing. Examples 15 to 17 exhibited a Rayleigh scattering coefficient of 0.815 to 0.825 dB^im*/ 
km and a transmission loss of 0.163 to 0.165 dB/km with respect to light having a wavelength of 1.55 jim, thus being 
able to lower the Rayleigh scattering coefficient and reduce the transmission loss as compared with Example 9 yielding 

20 a Rayleigh scattering coeffteient of 0.825 dB^im^/km and a transmission loss of 0.1 65 dB/km with respect to light having 
a wavelength of 1 .55 jim. Example 17, in which the core portion of the optical fiber prefomn to be drawn is caused to 
contain CI such that the relative refractive index difference with respect to pure silica glass becomes 0.001 . yields the 
results Identical to those of Example 9. so that the decrease in Rayleigh scattering intensity caused by the drop in 
fictive temperature due to CI contained therein and the increase in Rayleigh scattering intensity caused by CI itself 

25 cancel out each other, whereby transmission loss will increase If CI is contained more. 

[0124] Next, experiments were carriedout with a higher drawing tension while the configuration of cladding portion 
of optical fiber preform was changed. Examples 1 8 and 1 9 are examples according to the apparatus and method for 
making an optical fiber in accordance with the above-mentioned second embodiment, whereas Comparative Examples 
8 to 9 are comparative examples candied out for comparison with the examples according to the apparatus and method 

30 for making an optical fiber in accordance with the above-mentioned second embodiment. As shown in Figs. 7A and 
78. the optical fiber preform 402 used in the following experiments is constituted by a core portion 41 2 made of pure 
silica glass (refractive index n1 ). a first cladding portion 422 made of fluorine-doped glass (refractive Index n2). and a 
second cladding portion 432 made of pure silica glass (refractive index n1). The First cladding portion 422 has a region 
extending from the outer periphery of core portion 412 to a radius a, thus yielding an outside diameter 2a. The second 

35 cladding region 432 has a region extending from the outer periphery of first cladding portion 422 to a radius d (outer 
periphery) , thus yielding an outside diameter 2d. Employed in the experiments is the optical fiber 402 in which 2d = 
35mm. As the second cladding portion 432. highlypure silica glass may be used in place of pure silica glass. 




Example 18 

40 

[0125] The optical fiber prefomi to be drawn had a core portion made of pure silica glass, and a cladding portion in 
which the part extending from the center of optical fiber prefonn up to a = 12.25 mm (a/d = 0.7) was made of fluorine- 
doped glass whereas the part extending by a = 1 2.25 mm (a/d = 0.7) or greater was made of pure silica glass. Supplied 
into the drawing furnace (muffle tube) was N2 gas. A heating furnace having a muffle tube with a total length (l^) of 2 

45 m (and an inner peripheral diameter of about 30 mm) was used for drawing an optical fiber. The drawing rate, the 
drawing tension, and the temperature of heating furnace (surface temperature at the inner peripheral face of muffle 
tube) were set to 1 0Om/min. 0.490N (50 gf). and 1450*'C. respectively. In this case, the temperature of the optical fiber 
immediately before entering the heating furnace (entering temperature) was 1 700°C in tenms of the surface temperature 
of optical fiber, whereas the temperature of the optical fiber immediately after exiting from the heating furnace was 

50 1 450^C in temns of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a temper- 
ature of 1 450 to 1 700''C in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 
250'*C/s in a segment of 2 m which is the total length of heating furnace. 

[0126] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 jrni) of the drawn 
optical fiber was measured and found to be 0.164 dB/km. The Rayleigh scattering coefficient determined from the 
55 measured data of wavelength characteristic of transmission loss was 0.825 dB|im*/km. 
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Example 19 

[0127] The optical fiber preform to be drawn had a core portion made of pure silica glass, and a cladding portion in 
which the part extending from the center of optical fiber prefonn up to a = 15.75 mm (a/d = 0.9) was made of fluorine- 

5 doped glass whereas the part extending by a = 1 5.75 mm (a/d = 0.9) or greater was made of pure silica glass. Supplied 
into the drawing furnace (muffle tube) was N2 gas. A heating furnace having a muffle tube with a total length (L2) of 2 
m (and an Inner peripheral diameter of about 30 mm) was used for drawing an optical fiber. The drawing rate, the 
drawing tension, and the temperature of heating furnace (surface temperature at the inner peripheral face of muffle 
tube) were set to 1 0Om/min. 0.490N (50 gf). and 1450»C, respectively. In this case, the temperature of the optical fiber 

10 immediately before entering the heating furnace (entering temperature) was 1 700''C in terms of the surface temperature 
of optical fiber, whereas the temperature of the optical fiber immediately after exiting from the heating furnace was 
1450*C in terms of the surface temperature of optical fiber. Hence, In the heating fumace, the part attaining a temper- 
ature of 1 450 to 1 700^0 in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 
250''C/s in a segment of 2 m which is the total length of heating fumace. 

15 [0128] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^im) of the drawn 
optical fiber was measured and found to be 0.166 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.835 dB^nrr^/km. 



Comparative Example 8 



20 



[0129] The optical fiber preform to be drawn had a core portion made of pure silica glass, and a cladding portion in 
which the part extending from the center of optical fiber preform up to a = 1 6.625 mm (a/d = 0.95) was made of fluorine- 
doped glass whereas the part extending by a = 16.625 mm (a/d = 0.95) or greater was made of pure silica glass. 
Supplied into the drawing furnace (muffle tube) was Ng gas. Aheating fumace having a muffle tube with a total length 
25 (L2) of 2 m (and an inner peripheral diameter of about 30 mm) was used for drawing an optical fiber. The drawing rate, 
the drawing tension, and the temperature of heating furnace (surface temperature at the Inner peripheral face of muffle 
tube) were set to 100 m/min, 0.490 N (50 gf), and 1450*'C, respectively. In this case, the temperature of the optical 
fiber Immediately before entering the heating furnace (entering temperature) was 1700*»C in terms of the surface tem- 
perature of optical fiber, whereas the temperature of the optical fiber immediately after exiting from the heating fumace 
30 was 1450'*C in terms of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a 
temperature of 1450 to 1700°C in the drawn optical fiber is assumed to have been cooled at an average cooling rate 
of about 250'*C/s in a segment of 2 m which is the total length of heating furnace. 

[0130] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 jim) of the drawn 
optical fiber was measured and found to be 0.176 dB/km. The Rayleigh scattering coefficient determined from the 
35 measured data of wavelength characteristic of transmission loss was 0.89 dBnm*/km. 



Comparative Example 9 

[0131] The optical fiber prefonn to be drawn had a core portion made of pure silica glass, and a cladding portion in 
40 which the whole area (a = d) was made of fluorine-doped glass. A heating furnace having a muffle tube with a total 
length (L2) of 2 m (and an inner peripheral diameter of about 30 mm) was used for drawing an optical fiber Supplied 
Into the drawing furnace (muffle tube) was N2 gas. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/min, 0.490 N (50 
gO, and 1450''C, respectively. In this case, the temperature of the optical fiber immediatelybefore entering the heating 
45 furnace (entering temperature) was 1 700*'C in terms of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber immediately after exiting from the heating fumace was 1450'*C in temris of the surface tem- 
perature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1 450 to 1 700*0 in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about 250'C/s in a segment of 2 m which 
is the total length of heating furnace. 
50 [0132] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
optical fiber was measured and found to be 0.185 dB/km. The Rayleigh scattering coefficient detemiined from the 
measured data of wavelength characteristic of transmission loss was 0.94 dBnnT*/km. 

[0133] As in the foregoing, Examples 18 and 19 exhibited a Rayleigh scattering coefficient of 0.825 to 0.835 dBjim^/ 
km and a transmission loss of 0.164 to 0.166 dB/km with respect to light having a wavelength of 1 .55 jim as with 
55 Examples 9 to 12, thus being able to lower the Rayleigh scattering coefficient and reduce the transmission loss as 
compared with Comparative Examples 8 and 9 yielding a Rayleigh scattering coefficient of 0.89 to 0.94 dB^im^/km and 
a transmission loss of 0.1 76 to 0.1 85 dB/km with respect to light having a wavelength of 1 .55 \im. 
[0134] Next, an experiment was carried out while changing the optical fiber prefonn. Example 20 is an example 
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according to the apparatus and method for making an optical fiber in accordance with the above-mentioned first and 
second embodiments. The optical fiber prefonm employed in the following experiment has a core portion made of Ge- 
doped silica glass, and a cladding portion made of silica glass. 

5 Example 20 

r01 351 Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) In which the 
distance (L1 ) from the lower end of drawing furnace to the upper end of muffle tube of heating furnace was 0.4 m and 
the total length (L2) of muffle tube of heating furnace was 2.0 m, an optical fiber was drawn. The gap between the 
10 drawing furnace and the heating furnace was set to 0.05 mm. The optical fiber preform to be drawn had a core portion 
made of Ge-doped silica glass, and a cladding region made of silica glass. The relative refractive Index difference An 
between the core portion and cladding portion was 0.36%. The drawing rate, the drawing tension, and the temperature 
of heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 8 m/s (480 m/min). 

0 785 N (80 gO and UOO-C, respectively. In this case, the temperature of the optical fiber Immediately before entenng 
IS the heating furnace (entering temperature) was about 1 500°C in temr.s of the surface temperature ofoplBcal fiber. 

whereas the temperature of the optical fiber immediately after exiting from the heating furnace was 1500-C in tenns 
of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1500 to 

1 eoo-C in the drawn optical fiber is assumed to have been cooled at an annealing rate of 500 to 700-C/s in a segment 
of 2.0 m which is the total length of heating fumace. . . ^ 

20 r01 361 The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 fim) of the drawn 
optical fiber was measured and found to be 0.182 dB/km. The Rayleigh scattering coefficient determined fronn the 
measured data of wavelength characteristic of transmission loss was 0.92 dB^m^/km. thus being able to fully r«luce 
the transmission loss as a Ge-doped single-mode optical fiber. The output diameter of drawn optical fiber was 125±0.1 

25 raiST] Thus as can be seen from the results of experiments mentioned above, the cooling rate is set to 1000»C/s 
or less in the segment where the optical fiber 3 attains a temperature difference of at least 50»C in the part of optical 
fiber 3 yielding a temperature of 1 300 to 1 700°C after being drawn upon heating in the drawing fumace before being 
coated with the UV resin 52 in the apparatus and method of making an optical fiber in accordance with the second 
embodiment, so thatthe optical fiber 3 lowers its Active temperature, and the disorder in atomic arrangement is reduced. 

30 whereby it is possible to make an optical fiber having lowered its transmission loss by reducing the Rayleigh scattenng 
intensity within a very short period from the drawing upon heating to the coating with the UV resin 52. Also since the 
Rayleigh scattering intensity is reduced by controlling the cooling rate of optical fiber 3 after drawing before being 
coated with the UV resin 52, the heat treatment for reheating such as that in the above-mentioned prior art is unnec- 
essary, whereby the apparatus is quite easily applicable to the mass production of the coated opttoal fiber 4 whose 

35 surface is coated with the UV resin 52 cured thereon. 

101 381 When an optical fiber preform having a core portion yielding a relative refractive index difference of 0.001 or 
less with respect to pure silica glass in a state containing a dopant is employed as an optical fiber prefomi 2. the optical 
fiber 3 further lowers its fictive temperature, whereby the Rayleigh scattering intensity can further be reduced. 
r01391 When an optical fiber prefonn whose core portion Is caused to contain hydroxyl group such that the trans- 

40 mission loss caused by hydroxyl group absorption at a wavelength of 1 .38 nm becomes 0.02 to 0.5 dS/km, the optK^l 
fiber 3 further lowers its fictive temperature, whereby the Rayleigh scattering intensity can further be reduced. When 
hydroxyl qroup is contained such that the transmission loss caused by hydroxyl group absorption at a wavelength of 
1 38 urn becomes at least 0.02 dS/km, the optical fiber 3 further lowers its fictive temperature, whereby the Rayleigh 
scattering intensity can further be reduced. If hydroxyl group is contained such that the transmission loss caused by 

45 hydroxyl group absorption at a wavelength of 1 .38 ^m is greater than 0.5 dB/km. loss will increase due to the absorption 
by hydroxyl group, thus canceling out the effect of lowering Rayleigh scattering intensity caused by the addition of 
hydroxyl group, whereby transmission loss will increase. 

r0140] When an optical fiber prefonn whose core portion is caused to contain CI so as to yield a relative refractive 
index difference of 0.0001 to 0.001 with respect to pure silica glass is employed as the opttoal fiber preform 2, the 

50 optical fiber 3 further lowers its ffctive temperature, whereby the Rayleigh scattering intensity can further be reduced. 
When CI is contained such that the relative refractive index difference with respect to pure silica glass is at least 0^0001 . 
the optical fiber 3 further lowers its fictive temperature, whereby the Rayleigh scattering intensity can further be reduced. 
If CI is contained such that the relative refractive index difference becomes greater than 0.001 . ttie Rayleigh scattenng 
intensity is enhanced by CI Itself, so that the effect of lowering Rayleigh scattering intensity caused by tiie addition of 

ss CI is canceled out. whereby transmission loss will increase. 

r01411 Using the optical fiber prefonn 402 having ttie first cladding portion 422 whose part extending from the outer 
periphery of <^re portion 412 to a position where the distance from ttie center of opttoal fiber prefomi 402 is wrthm the 
range from 0 7 to 0.9 in terms of the ratio (a/d) with respect to the radius of optical fiber preform 402 is made of fluorine- 
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HnnPd class and the second cladding portion 432 whose part extending to the outer periphery from the position where 
fhe ^staSfrom t^^^^^^^ of optical fiber preform 402 is within the range from 0.7 to 0.9 in tem.s of the ratro (a/d) 
wUh^esp^t t^the rac^us of optical fiber prefom, 402 is made of pure silica glass, the Rayleigh scattenng intensity « 
rJlIrSne^ om incrSing even when a high tension acts on the optical fiber 3. whereby the Incre^e '" loss can be 
5 SSessed in order to prevent characteristics of the optical fiber 3 from being affected, the part where the di^nce 
romXe center of optical fiber prefom, 402 is 0.7 or greater in temns of the ratio (a/d) with respect to the raduis of 
orc^Sber X as the part unrelated to transmission of light. Is made of pure silica glass. If the Pf « 
Ser oeShen; r^ the position where the distance from the center is greater than 0.9 in temis of the ratio (a/d) with 
Sect tTlhe^rLrs of Optical fiber preform 402 is made of pure silica glass, the Rayleigh scattenng intensity will 
10 change when the tension is enhanced, whereby transmission loss will increase^ ...ho -i^^ nf Hmwinn 

rai421 When the drawing rate is high, since an He gas atmosphere is attained wrth.n the muffle tube 13 °'^rawmg 
urnace 1 V while air-cooling is carried out between the drawing furnace 11 and the heafing furnace 21 so that he part 
Of optical fWer 3 attaining a temperature higher than 1700»C before entering the heating fumace 21 is cooled at a 
IK mtH MOoS'as higher, the height of equipment required for cooling the optical fiber 3 be cr«e^«^ A 
,5 rt«mDerature hiaher than 1 700°C. the structural relaxation of atoms proceeds in a very short penod of time, so ftat 
fhe^'^sSeareacilL^^^^^ 

whereby no influence is exerted upon the Rayleigh scanenng intensity. 



Industrial Applicability 



[01 431 The apparatus and meUiod for maldng an optical fiber in accordance with the present invention can be utilized 
in a drawing apparatus for drawing an optical fiber from an optical fiber prefom,. and the like. 



25 Claims 

1. An apparatus for making an optical fiberfor drawing an optical fiber prefomi upon heating and coating thus drawn 
optical fiber with a resin; said apparatus comprising: 

a heating furnace, disposed between a drawing fumace for drawing said optical fiber preform upon heating 
^ndtresin coating sLon for coating said drawn optical fiber with said resiMor heaHng^^^^^^ drawn optical 
fiber such that said optical fiber attains a temperature within the range from 1200 to 1700 C. 
said heating fumace having a muffle tube through which said drawn optical fiber passes; 
said muffle tube being disposed at a position satisfying: 



30 



35 
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40 is the distance (m) from the lower end of a heater In the drawing fumace to the upper end of said muffle 

tube; and 

V is the drawing rate (m/s). 

2 An apparatus for making an optical fiber according to claim 1 . wherein said heating fumace heats said drawn 
45 optical fiber at a temperature within the range from 1 200 to 1 SOO-C. 

3 An aooaratus for making an optical fiber according to claim 1 . wherein said muffle tube is disposed at a position 
iher^^lS dril opti^^^ fiber attains a temperature within the range from 1400 to 1800-C when entenng said 
muffle tube. 

An apparatus for making an optical fiber according to claim 1 . wherein said muffle tube is fomied so as to satisfy: 

L2^W8 

where 

L2 is the total length (m) of said muffle tube; and 
V is the drawing rate (m/s). 
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6. 
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8. 



9. 



An apparatus for making an optical fiber according to claim 1 . wherein saidheating furnace is provided witti such 
a temperature gradient that the drawing furnace side and the resin coating section side attain higher and lower 
temperatures, respectively. 

A method of making an optical fiber comprising the steps of drawing an optical fiber prefomi upon heating and 
coatlna thus drawn optical fiber with a resin; 

Wherein a segrnent of said optical fiber yielding a temperature difference of at least 50-C .n a part where 
said optical f iber beTore being coated with said resin attains a temperature of 1 300 to 1 700-C is cooled at a cooling 
rate of 1000»C/s or lower. 

A method of making an optical fiber according to claim 6, wherein an optical fiber preform having a core portion 
exWbtogarelative refractive index difference of 0.001 orless with respectto pure silica glass in a state containing 
a dopant is employed as saidoptical fiber preform; and 

wherein said optical fiber preform is drawn upon heating. 

A method of making an optical fiber according to claim 7, wherein an optical fiber preform whose core portion is 
caused to contain hydroxjl group so as to yield a transmission loss of 0.02 to 0.5 dB/km due to hydroxyl group 
absorption at a wavelength of 1 .38 is employed as said optical fiber prefomi; and 
wherein said optical fiber prefonn is drawn upon heating. 

A method of making an optical fiber according to daim 7. wherein an optical fiber prefomi whose core portion is 
caTsTd to comain l\ so as to yield a relative refractive index difference of 0.0001 to 0.001 with respect to pure 
silica glass is employed as said optical fiber prefonn; and 

wherein said optical fiber prefomi is drawn upon heating. 

10 Amethod of making an optical fiber accordingto claim 7, wherein an optical fiber prefomi having « -^'^f 

w^ose part extending to the outemiost periphery from a position where the distancefrom the center of sa^d opt«al 
SJer prefon^Ts within the range from 0.7 to 0.9 in temis of the ratio with respect to the radius of said opt«al fiber 
preform is made of highly pure silica glass is employed as said optical fiber prefomn; and 
30 wherein said optical fiber prefomi is drawn upon heating. 

1 1 . A method Of making an optical fiber according to daim 7, wherein a part of said '^f^'^'^^l'^f^^r'^'''^ 
higher than 1700"C before being coated with said resin is cooled at a cooling rate of 4000»C/8 or higher. 

35 12. An apparatus for making an optical fiber for drawing an optical fiber prefomi upon heating and coating thus drawn 
optical f iber with a resin; said apparatus comprising: 

a heating furnace, disposed between a drawing furnace for drawing said optical fiber preforrri upon heating 
and a Sin coating s^ion for coating said drawn optical fiber with said resin, for heating sa.d drawn opm:a 
«ber sL^h that a segment of said optical fiber yielding a temperature difference of at least SO-c in a part of 
safd optical fiber attaining a temperature of 1300 to 1700-0 is cooled at a cooling rate of 1000'C/s or less. 

13 An aoparatus for making an optical fiber according to claim 12. further comprising atmosphere gas supplying 
mean'sTsuppiring. as an atmosphere gas of said optical fiber within said heating furnace an atmosphere gas 
having a thermal conductivity on a par with or lower than that of an atmosphere gas in said drawing furnace. 

14. An apparatus for making an optfcal fiber according to claim 1 2, further comprising: 

outside diameter measuring means for measuring the outside diameter of said optteal fiber having exited from 

rtrot melnsTorc^rolg the drawing rate of said optical f«,er according to a ^f measu.m^^^^^ 
said outside diameter measuring means such that the outside diameter of said opt«al ftoer attains a prede- 
temnined value. 
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